Abstract
INTRODUCTION
Locating tumors is key for appropriate and accurate treatment. However, this is often challenging, especially when the tumor size is small or the tumor is on a movable part of the colon. Minimally invasive laparoscopic surgery has become mainstream, as laparoscopic surgery has been reported to have advantages over open surgery. Preoperative endoscopic tattooing helps to find lesions and prevents resection of the wrong site [1] , especially in limited operating fields of vision. In addition, the tattooing procedure provides other benefits, such as decreased operation time, reduced operative complications, and decreased blood loss. To date, few studies have reported the outcomes of tattooing with indocyanine green (ICG) dye [2] [3] [4] . Furthermore, there are no studies comparing differences in tattooed and non-tattooed groups using ICG with regard to staging and surgical methods. Because the surgical procedure and time taken for lymphadenectomy may vary from person to person, accurate results can be obtained through classification according to the surgical procedure and staging based on non-lymph node invasion group (Stage 0 and 0, Ⅰ, Ⅱa, Ⅱb, Ⅱc) or lymph node invasion group (Ⅲa, Ⅲb, Ⅲc). The aim of this study is to prove the usefulness of colonic tattooing using ICG and to demonstrate its usefulness in groups that are classified according to stage and type of laparoscopic surgery.
MaTeRIals aND MeThODs

Patients
This study enrolled all patients who had undergone laparoscopic colonic surgery at Chungnam National University Hospital from January 2012 to December 2016. A total of 1010 patients with colorectal neoplasms were enrolled. Patients who were 18 years or older with histologically confirmed or endoscopically suspected colon tumors and scheduled for laparoscopic colon surgery were included. Tattooing was deemed necessary for the patient at the discretion of the surgeon, and if deemed necessary, the patient was referred to the Internal Medicine Department of the Division of Gastroenterology for the procedure. Confounding factors that would interfere with tumor surgery, such as other accompanying diseases and adhesions due to previous surgery, were excluded. Exclusion criteria were (1) previous abdominal surgery (n = 98); (2) combined surgery because of other diseases (n = 30); (3) total colectomy (n = 7); (4) emergency operation for spontaneous hemorrhage (n = 7); and (5) conversion to open surgery (n = 5). A total of 147 patients were excluded, of which 13 were in the tattooed group (TG) and 134 were in the non-tattooed group (NTG).
Of 127 patients in the tattooed group, a total of 114 patients were enrolled after exclusion of 13 patients. The patients in the NTG were selected by propensity score matching based on age, sex, tumor stage, and operation method (n = 228) (Figure 1 were obtained from surgical and anesthesia records, pathologic reports, and medical charts. The study was reviewed and approved by the Chungnam National University Hospital Institutional Review Board, No. CNUH 2017-12-026. This study is a retrospective study using medical records, and personal information protection measures are appropriately established so that the informed consent of the subject can be exempted.
Procedure
The surgical method was selected by the colorectal surgeon. Tattooing procedures using ICG dye (Daiichi Sankyo Co., Ltd., Japan; Diagnogreen 25 mg) were performed by the gastroenterologist in the endoscopy room the day before the operation. Tattooing was performed circumferentially, close to the lesion, in all 4 quadrants, and with a 23-gauge needle (Figure 2 ) (Wilson Instruments Co. LTD, WS2416PN2304). The 25 mg of powdered ICG was dissolved in 2 mL of sterilized water. For each injection, 0.5-1 mL of dissolved ICG was used. Endoscopic marking was performed using a twostep method [5, 6] . First, 1-2 mL of normal saline solution was injected into the submucosa to make an artificial pseudo polyp. Subsequently, the saline syringe was replaced by the ICG syringe, and 0.5-1 mL of dissolved ICG was injected. All operations were performed by surgeons with more than 10 years of experience ( Figure  3 ). Histopathology results were described by a specialist with a career of more than 20 years.
Statistical analysis
For selecting the NTG, propensity score-matching was performed using the R software package MatchIt nearest neighbor matching method (R Foundation for Statistical Computing, Vienna, Austria) to avoid selection bias and to obtain enough statistical power. The propensity score model considered age, sex, cancer stage, and surgical method.
The clinical and perioperative results of the study patients were compared between the TG and NTG using χ 2 test or Fisher's extract test and the t-test. Univariate analysis and multivariate analysis was performed with logistic regression on variables identified to be significant on univariate analysis. P values of less than 0.05 were considered significant. Statistical analyses were computed by SPSS statistics version 22 for Windows (SPSS Inc., Chicago, IL).
ResUlTs
From January 1, 2012 to December 31, 2016, a total of 1010 patients underwent laparoscopic colectomy, and 127 of these patients were tattooed with ICG (12.57%). No patient who underwent the tattooing procedure had any side effects. The baseline characteristics, histological type, and surgical method of the patients in both groups are compared in Table 1 Figure 1 Flow chart of patients enrolled in this study. The 114 tattooed group subjects and the 228 non-tattooed group subjects were selected by propensity score matching. A total of 342 patients was enrolled.
and NTG (M/F = 153/75), with a mean age of 66.81 ± 10.18 years. Perioperative data were collected on 342 patients (Table 2) . Perioperative operation time, hospital stay, and oral ingestion period were shorter in the TG. The Δ hemoglobin (Hb) and Δ Albumin (Alb) showed less intraoperative blood loss in the TG. No significant differences were observed between the groups with respect to blood transfusion and complications. Complications related to endoscopy or tattooing were incurred. According to pathologic results, 1 mucosal edema was reported in the tattooed group. The intraoperative abdominal leakage of ICG was observed in one case, but there was no inflammation or adhesion in the abdominal cavity. Inflammation of the injection site was not reported. There were no cases of margin-positive lesions or intraoperative endoscopy in the tattooed group.
The margin from the lesion was proximal 13.45 ± 9.5 cm and distal 7.07 ± 5.2 cm; there was no need for reoperation due to positive margins or resection of the wrong site.
We compared the perioperative clinical data of the carcinoma group, except for the adenoma group (n = 41), by "N0" and "N1 or N2" group according to stage ( Table 3 ). The N0 group was defined as stage 0, Ⅰ, Ⅱa, Ⅱb, and Ⅱc (n = 239), and the N1 or N2 group was defined as stage Ⅲa, Ⅲb, and Ⅲc (n = 62). The N0 group showed similar results as the whole group. Operation time (P < 0.05), hospital stay (P < 0.01), and oral ingestion period (P < 0.01) were shorter in the tattooed group. The Δ Hb (P < 0.01) was lower in the TG than in the NTG, indicating lower blood loss in the TG compared with the NTG; further, Δ Alb (P < 0.01) was also lower in the TG compared with the NTG. The advanced stage group showed similar results in Δ Hb (P < 0.01) and Δ Alb (P < 0.01), but not in operation time (P = 0.278), hospital stay (P = 0.449) and oral ingestion period (P = 0.064).
All 342 patients underwent colonic resection. To investigate the efficacy of tattooing for different colonic surgical procedures, namely laparoscopic anterior resection (LAR) (n = 160), left (Lt) hemicolectomy (n = 28), and right (Rt) hemicolectomy (n = 95), the patients were divided into TG and NTG and the parameters Δ Hb, Δ Alb, and operation time were compared between them ( Table 4 ). The LAR group showed a similar trend, as noted previously. For all three groups, Δ Hb (P < 0.01) and Δ Alb (P < 0.01) were lower in the TG than in the NTG. Univariate analysis using a logistic regression model showed statistical significance of colonoscopic tattooing with ICG for variables of operation time (min) (P < 0.01), Δ Hb, Δ Alb (P < 0.01), hospital stay (d) (P = 0.023), and oral intake (d) (P = 0.259). Multivariate analysis shows the results of the logistic regression models for operation time, Δ Hb, Δ Alb, hospital stay, and oral intake ( Table 5 ).
DIsCUssION
The aim of preoperative tumor lesion marking is to exactly locate the lesions in laparoscopic surgeries and to perform excision as needed. In this study, whether tattooing with ICG can help identify the correct lesion during laparoscopic surgery and have a positive effect was evaluated. Because laparoscopic surgery has become a major trend for the treatment of colorectal cancer, preoperative tumor markings are needed to determine the exact location of the lesion in a limited field of view [7] . Methods of marking include tattooing, using metal Table 4 Perioperative results of tattooed and non-tattooed groups by surgical method clips, radio opaque, integrated circuit materials [8] , and intraoperative endoscopy. As introduced in other studies, tattooing methods include staining using sterile carbon compounds [9] , India ink, and autologous blood infusions. The tattooing method is relatively inexpensive and quick [10] . However, the disadvantage of tattooing is that the marking disappears over time. The complication rate is as low as 0.22% [11] , but if a complication occurs, it is mainly caused by leakage due to transmural injection [12] . Marking with metallic materials has the disadvantage that sometimes they are lost and not palpable during laparoscopic surgery. Even Scope Guide endoscope [13] , intraoperative endoscopy, radiation or integrated circuits, near-infrared localization and sentinel LN mapping with ICG [14] to detect the surgical site will require special instruments and are relatively expensive [15] . Tattooing using India ink is the commonly used method. India ink is a mixture of several substances [4] , which can induce an inflammatory reaction through its constituent substances, and is recommended for use under an autoclave and after dilution to prevent complications [4] . Various complications have been reported depending on the amount and location of leakage [11, [16] [17] [18] [19] [20] .
Park JH et al . Effective colonic tattooing with ICG
There have been small studies that used ICG to solve the problems of India ink [2, 21] . ICG is a safe dyeing method with a low risk of complications, except that it cannot be used in people Park JH et al . Effective colonic tattooing with ICG with iodine allergies. Even if trans-abdominal spillage occurs, local inflammation or coloration is less likely, and formation of adhesion or granuloma is extremely rare compared to India ink. Some animal studies have reported local inflammation or ulceration, but that did not occur in this study. In a study comparing ICG and ICG dye in rabbits, the ICG group included 22 cases, with repeated laparotomy performed at 1, 3, and 7 d, and the India ink group included 16 cases, with repeated laparotomy performed at 1 and 5 mo. Mucosal ulcers and inflammation were reported in the ICG group and severe inflammation was observed in the undiluted and 1:10 concentration India ink groups [3] . However, there are limitations with regard to the time and frequency of laparotomy between the two agents in that study, as short-term repeated laparotomy results were only examined in the ICG group.
According to Miyoshi et al [2] , in a study of 40 patients, 29 patients who had undergone surgery within 8 d of tattooing with ICG showed green markings in the surgical field. It is well known that the tattooing method using ICG is simple because it does not require additional tools other than performing endoscopy in general, and it is well known that laparoscopic surgical vision is secured when applied with the circumferential tattooing method. All patients underwent the circumferential tattooing method using ICG on the day prior to surgery and underwent surgery within 24 h. In the postoperative histopathologic gross photographs (Figure 4) , the lesions were well-observed and wellstained, which makes it possible to quickly identify the lesions, and the correct resection range can be easily determined, thereby shortening the operation time and preventing complications caused by resection of the inappropriate part. In addition, reduction of blood loss before and after surgery decreases the likelihood of blood transfusions and results in fewer hospitalization days, fewer complications, and a shorter oral ingestion period.
To compensate for the difference in the operation time due to lymph node dissection in the advanced stage, Stage 0, Ⅰ, Ⅱa, Ⅱb, and Ⅱc were classified as the N0 group and Stage Ⅲa, Ⅲb, and Ⅲc as the "N1 or N2" group. TG and NTG were compared between the "N0" and "N1 or N2" group. Statistical analysis showed that TG had a favorable effect, such as shortened operation time, decreased blood and albumin loss, fewer hospital days, and decreased complications, in the N0 tumor group because lesions with a small tumor size or those that are less invasive are not well recognized during laparoscopic surgery.
Subgroup analysis of T1N0 (n = 196) vs T1N1, 2 (n = 22) was performed to compare the efficacy of tattooing with or without lymph node invasion in T1 lesions of relatively small size and invasion. In the nonlymph node invasive group, Δ Hb (P < 0.01) and Δ Alb (P < 0.01) operative time (P < 0.01), oral intake (P < 0.01), and hospital stay (P = 0.01) were shorter in TG. In the lymph node invasive group, the blood loss expressed by Δ Hb (0.78 ± 0.7 g/dL vs 2.28 ± 1.1 g/dL, P < 0.01) and Δ Alb (0.34 ± 0.4 g/dL vs 1.10 ± 0.3 g/dL, P < 0.01) was low. Operative time (154.70 ± 40.1 min vs 178.73 ± 65.4 min, P = 0.320) and oral intake (1.70 ± 0.9 d vs 2.55 ± 1.0 d, P = 0.067) were shorter in TG, but the difference was not statistically significant. With or without lymph node metastasis, this suggests that tattooing has a significant effect of reducing the amount of blood loss by preventing the resection of unnecessary parts.
To investigate the differences in results according to the surgical method, LAR, left hemicolectomy and right hemicolectomy, statistical analysis was performed and showed a difference in operative time between the two groups in LAR. However, in left and right hemicolectomy, there was no significant difference between TG and NTG in the reduction of operation time. However, it was found that blood loss and the number of hospitalization days were reduced.
A multivariate analysis was conducted. There was strong evidence that after controlling for other variables, the tattooing procedure using ICG was associated with less blood loss (less Δ Hb, Δ Alb) and post-operative bowel recovery (shorter oral intake day).
Therefore, if tattooing is done within a reasonable time, preoperative tattooing with ICG is useful for laparoscopic colectomy, especially for the N0 group of The limitations of this study include its retrospective and single-institution nature. Propensity score matching was performed in the control group to overcome this limitation. As the TG showed male predominance, the total group showed male predominance. The need for tattooing was determined entirely by surgeons. In addition, the differences according to surgical method were analyzed, but there were relatively fewer cases of left hemicolectomy than the other surgical methods. More cases and years of data are needed to overcome this limitation.
aRTICle hIGhlIGhTs
Research background
Endoscopic marking of colonic lesions has become more important in recent years when laparoscopic surgery has become the mainstream. A less complicated, simple, and effective tattooing method was required. The authors aimed to prove that tattooing using indocyanine green (ICG) is beneficial in laparoscopic surgery of colon tumor.
Research motivation
Although tattooing using India ink has been used for colon tumor location, adhesion due to local inflammation is a problem, and granulation or abscess formation may occur when transabdominal spillage. ICG is a safe substance used in the i.v. injection for liver function assessment, but it is less used due to its shorter duration. ICG can be used effectively at appropriate intervals until surgery.
Research objectives
The authors wanted to prove that tattooing with ICG can be clinically effective if appropriate time and methods are used.
Research methods
The tattooed group (TG) contained 114 patients, and the non-tattooed group (NTG) comprised 228 patients selected by propensity score matching of subjects based on age, sex, tumor staging, and operation method. Between the groups, the perioperative parameters were compared. To compensate for the difference in the operation time due to lymph node dissection in the advanced stage, lymph node positive (N1 or N2) and negative (N0) groups were compared, especially T1N0, T1N1 or T1N2. To investigate the differences in results according to the surgical method, each surgical method was compared.
Research results
Without major complications, all tattooed lesions are safely resected. Perioperative operation times, hospital stays, and oral ingestion periods were shorter in the TG. The Δ hemoglobin and Δ albumin showed less intraoperative blood loss in the tattooed group. With or without lymph node metastasis, tattooing has a significant effect of reducing the amount of blood loss by preventing the resection of unnecessary parts. Especially in patients without lymph node dissection, other perioperative parameters showed better results. When classified according to type of surgery, there were statistically significant differences in operative time and other parameters in the LAR group.
Research conclusions
Tattooing using ICG is a simple and effective method with few complications and can be used in laparoscopic colon surgery, especially in the N0 colon cancer and LAR groups.
Research perspectives
Based on results from perioperative data, if the time to surgery and the injection method are appropriate, colonoscopic tattooing with ICG was shown to be effective with limited complications.
